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要旨 J
ThepurposeofthisreseaIchthesiswastofindoutthemechanismsmvolvedintroglitazone-mduced
hepatotoxicityHumanhepatomaceUUnestreatedwithomorwithtrogntazonewereseparatedby2-dimensional
electrophoresisandsuhjectedtoaminoacidsequenceanalysistoidentifytheprotemsofinterest・ImmunoglObulin
heavychainbindingpmtei、（BiP)，anabundantchapemneproteinintheendoplasmicreticulum（ER)，was
overexpressedinhepatolnaceUlinesbytroghtazonetreatment・TT1issmdyshowedtheimportantroleofthis
chaperonepmteinonphenotypicchangeinceUviabiutythatinhibitionofBiPexpressionbysmaUmterference
RNArenderedcellsmoresusceptibletothetoxiceffectsoftloglitazone．、leseresultssuggestthatBiP
ovelexpressionisadefensemechanismoftheERmresponsetotrogntazone-mducedtoxicitylnaddition，
ribosomalproteinPO（PO)isalsooneofthetargetsoftroghtazone・DephosphorylationofPO,ratherthanits
overexpression，ismvolvedmtroglitazone-inducedHepG2centoxicitybFUrthermore，ａｎｉｍｐＵｃａｔｉｏｎｏｆ
狐oantibodyfOrmationbythetoxiceffectsoftrogUtazonewasdemonstratedAldolaseBwasidentifiedasan
autoantigenthatreactedwithantibodiesinserafromtwopatientswithｔｙｐｅⅡdiabetesmelUtuswith
troglitazone-inducednverdysfUnctionmletiterofanti-aldolaseBremainedhigllfOrseveralweeksafterstoppmg
troghtazoneadministration・Ihisevidencedemonstratedthattmglitazone-inducedhepatotoxicitymayhavean
immunologicalbasis・AutoantibodiestoaldolaseBwerealsodetectedinseraofpatientswithchromchepatitisand
uvercinhosis､TT1esefindingssuggestthatliverinjurymaycausetheappearanceofautoantibodiestoaldolaseB
whichmayhaveacertaineffectthataggravateslhehepatitis．
概要
Trogntazone(TRO)isanearlymemberofthiazoUdinedioneantidiabeticagentslaunchedinl9971thad
beenreportedtopmduceidiosyncratichepatotoxiceffectsmsomeindividualsandwasconsideredtowhhdraw
fromthemalketmZOOOITlemechanismbywhichTROinducedtoxicityisstiUnotcompletely血derstood・This
resealchthesiswasbasedonanattempttofindomthemechanisminvolvedmTROtoxicityTbinvestigatethe
involvementofproteinswhoseregulationscorrelatedwiththeTRO-inducedtoxiceffects，aproteomicanalysis
strategywasusedlnaddition,thesuspectedautoanUbodyproductionassociatedwithtloglitazonempatientsera
wasalsodetermined
公一
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[ResultsandDiscussion］
①Chaperoneproteininvolvedintroglitazone-inducedtoxicityinhuInanhepatomaceUllines
ThepmteineXpressionprofilesofHepGZcellstIeatedwithvaliousconcentrationｓｏｆＴＲＯｏｒ
ｍｓｉｇｈｔａｚｏｎｅ(RSG)wereseparatedby2-dimensionalelectrophoresis（ZDE).Aproteinspotatanapproximate
MWof75kDaandisoelectricpoint(pl)of5wasincreasedgreatlyincorrelationwithlheconcentration-dependent
exposuretoiTRO､TIlisspotwasidentifiedasannxtureoftwochaperones,inⅡ､unoglobulinheavychainbmdmg
protein(BiPorGrp78)and,toalesserextent,proteindisulfideisomeraserelatedPloteinor72kDaendoplasnc
reticulumprotein(ERp7Z).TROtreatmentelicitedadose-dependentoverexpressionofBiPproteinasconfilmedby
Westemblotting,whereas,ＲＳＧｓｈｏｗｅｄｎｏｃｈａｎｇｅＢｉＰｍＲＮＡｗａｓａｌｓoinducedbyTROtreatment.ＲSGtreated
HepG2ceUsalsoinducedBiPmRNAexpressionbutatalowlevel,wmchwouldaccountfOritslowertoxicity
compaIeｄｔｏＴＲＯＵｎＩｉｋｅＢｉＥＥＲｐ７２ｐｒｏｔｅｉｎｗａｓexpressedeqUallyinantreatments､Theseresultssuggestthat
lhedamagecausedbyTROtreatmentwasunlikelyrelatedtothemcreasedERp7ZproficiencylnHLEcells，
transfectionofthesmallintelferingRNAtargetingtheBiPgenelenderedceUsmoresusceptibletotllelethalityby
TROIhisstudysuggestedthecrucialroleofBiPoverexpressionmtheeffectsofTROexposure､TROmayserve
asastresssignaltotheendoplasmicreticulum,ｗｈｉＣｈｉｎｔｕｍ,causestheoverpmductionofBiPinresponseto
cytOtoxicity．
①DephosphorylationofribosomalPOproteininvolvedintroglitazbne-indUcedHepG2ceUstoxicity
HepG2ceUlysatestreatedwithorwithoutTROorRSGfOr48hwereseparatedby2-DEandvisuahzed
bysilverstaimngAproteinspotoｆｉｎｔｅｒｅｓｔａｔＭＷｏｆ３４４ａｎｄｐＩｏｆ５．７waspresentedonlheprofilesina
dose-dependentofTROtreatments・Ihisproteinwasidentifiedas60SacidicribosomalproteｍＰＯ(PO).However，
theSubsequentexperimentsperfOnnedbyWesternblotanalyseswithanti-IibosomalPprotemantibodyand
real-timePCRdemonstratedthatPOploteinandmRNAwereunlikelyinducedbyTROtreatmentlnterestingly，
when2-DEgelsweresubsequentlysUbjectedtoWesternblotanalyses,atleast4spotswiththeestimateplof5､7,
5.2,4.8and45wererevealed・nlesespotswerecompletelymatcheｄｗｉｔｈｔｈｅｓｐｏｔｓｏｎｔｈｅＺ－ＤＥｇｅｌｓｏｆｓilver
stainingTheshiftofitspIwasconsideredtobedephosphorylationofPObyTROtreatment(p15.7)asconfirmed
byusingcalfintestmalalkalinephosphataseasapmteinphosphatasetoreleasephosphategloupsfrom
phosphorylatedresiduesinthePOplotemanddemonstratedthesamepattemTheresultsconfinnedthepossibihty
ofdephosphorylationofthisproteinthatassociatedwithTRO-inducedtoxicitybThepresentresea【chploposedthat
POploteindephosphorylationplayedimportantrolesinapoptosisbyTRO．
③DetectionofautoaIntibodytoaldoIaseBinserahPoInpatientswithtrogmtazone-inducedUverdysfmnction
AutoantibodiesinserafrompatientswithtyPeⅡdiabetesmeUimswithtroglitazone-mducedliver
dysfimctionweredetermined・ＩＷＣfemalepatiens(47-and70-yearold)ceasedtakingtrOglitazone(400ｍｇ/day）
after23Sandl6weeks,IespectivelynuetoincreasedserumAImUsingZ-DEandaminoacidseqUenceanalyses,
aldolaseBwasidentifiedasanautoantigenthatreactedwithantibodiesinserafiombothpatients・Ｔｈｅｔｉｔｅｒｏｆ
ａｎti-aldolaseBremainedhighfOrseveralweeksafterstoppingtroglitazoneadmimstration・Themeanreactivityof
autoantibodiestoaldolaseBdeterminedbyEUSAwithseraofpatientswithchromchepatitis(、＝４０)andliver
cirrhosis(､＝40)wassignificantlym8her(ｐ＜0.O5andp＜0.001,respectively)thanmhealthysUbjects(、＝８０)．
ThesefindingssuggestthathverinjulymaycausetheappearanceofautoantibodiestoaldolaseBwhichmayhave
acertaineffectthataggravatesthehepatitis・Inaddition,theanti-aldolaseBtitermightindicatetheaggressiveness
ofuverdysfUnction．
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[ConclusionS］
Trogntazone-inducedtoxicityinhumanhepatomacelllineswasaresultofmanycellularresponses・This
dlesisdemonstmtedthatanalterationofpIDteinexpression，BiPchaperonepmtein，andaposLtranslational
modification，dephosphorylationofPO，werealsoinvolvedintheprocess・Inaddition，theappearanceof
autoantibodies，aldolaseB，inpatientserasuggeststhattroglitazone-mducedhepatotoxicitymayhavean
inmnunologicalbasis・Tbunderstandthemechanismsofdmg-inducedidiosyncratichepatotoxicityinhuman,fUrlher
investigationsinvariousｃｏｍｐｌｅｘＷaysarerequired．
学位論文審査結果の要旨
本研究では、２次元プロテオミクス法を駆使して、トログリタゾンに起因する肝障害のバイオマーカーの
検索と検討を行い、以下の結果を得た。第一に、ヒト肝細胞のシャペロン蛋白質であるＢｉＰの発現量が、ト
ログリタゾンの暴露量に此例して増えることをヒト肝由来培養細胞で見出した｡Bipの発現量をsiRNAでノッ
クダウンさせることにより、トログリタゾン由来細胞毒性が有意に高くなることを見出した。これよりＢｉｐ
の発現増加が細胞毒性の防御機構として働くことを示した。第二に、肝リボゾームのＰＯ蛋白質の脱リン酸
化が、トログリタゾン由来肝障害と相関して変動することを２次元プロテオミクス法で明らかにした。この
脱リン酸化は、カスパーゼpathwayを介する組胞毒性と関連していることを明らかにした。第三に、トロ
グリタゾンにより肝障害を発症した患者の血清中に、肝サイトソル蛋白質に対する自己抗体の存在を見出し
た。２次元プロテオミクス法により、この抗原をアルドラーゼＢと同定した。この自己抗体が肝硬変や慢性
肝障害患者のバイオマーカーになる可能性を示した。
以上の研究成績は、トログリタゾンによる肝障害発症に２種類のシャペロン蛋白質が関与することを初め
て証明し､また、トログリタゾン由来肝障害発症患者の血清中に自己抗体を見出し、この抗体が肝障害のマー
カーになる可能性を初めて示した先駆的な研究内容であり、ヒトにおける薬物誘導性の肝障害の理解に新た
な進歩をもたらした点が高く評価されるので、審査委員会は本論文が博士（薬学）に値すると判断する。
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